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Tin miterial prosperity of HIP lot cm-

tury Is due to the cooperation of three
clnsses of men the nmn of science who

lives only for truth and tin tlUoovcry of

natims Inws the Inventor eager to apply

these discover1 to moneymaking ma-

chines mind processes nml tho engineer

trained In mathematical Investigation nml

In knowledge of the physical conditions

which govern lit profession which I lh

mechanical nature-
Knglneering I1 sometimes divided Into

civil military mid naval engineering The

term civil engineering which will be hero

described U oft on used liy writer ns cov-

ering structural engineering only but It

has n much wider meaning

The logical classification statical
engineering livludiiitf that of nil flied
bodies covering Ihemove-

iiifnt of nil bodies by tho development-

nml application of power
Statical engineering can be again sub-

divided Into Bt met u rid engineering or

thitl of railway highways bridges foun-

dations lunnelii building Ac also Into

liydruiillc engineering which governs the
application of waer to canals river Im-

provement harh r tho supply of water
to towns and for initiation disposal of

Mwngc Ac
Dynamical engineering can bo divided

Into mechanical engineering which

the construction of mill prlino motors tho
transmission of power and tho um of ma-

chines and machine tools Closely allied
electrical engineering tho art of tho

transformation and transmission of energy

for traction lighting telegraphy tele-

phoning operating muchlnery and many

other uses Riich ns Its electrolytic applica-

tion to ors nml iiiitals
Then we have the combined application

of statical niechnnlcal und electrical engin-

eering to what U now called Industrial
engineering or tho production of articles
useful to mm Thin may bo divided Into
agricultural mining metallurgical and
chemical engineering

Surely this U a vast field and can only

be hastily dcHcrlbed In the sketch which
we are about to give

STUUGrtflUt ENOINPiRniNO

Structural engineering Is tho oldest

cf mill We have not been nblo to sur-

pass the works of the In grandeur-

or durability The pyramids of Egypt
still htnnd nail will stand for thou-

sands of year Roman bridges aqueduct
and sewers still perform their duties
Josephs canal still Lower Egypt
Tho great wall of China running for fifteen
hundred miles over mountains and plains
contains ono hundred and fifty millions
of cubic yards of materials and In tho
greatest of artificial works No modern
building compares In grandeur with St

Peters and tho medlwval cathedrals shamo
our puny Imitation

These mighty works were built to show
time piety of time Church or to gratify the
pride of Kings Time and money were of
no account All this ban now been changed
Capital controls and the question of time
money usefulness rules everything
hence scientific design and labor-

saving macMnery
Tho enghrvr of our modern works first

calculate time stresses on nil their parts
and proportions them so that
there is no waste of material iliirnl labor
has given place to steam muchlnery All

paris are Interchangeable so that can
be made and titled together In the least pos
siblo lime os U seen very day in the eon-

triictlon of n steelframed office building
Our workmen receive mucli liighT wngns-

tlmn In the pat while time and cOt hue
been diminished

Tin greatest engineering work of time

nineteenth century was tho development of
the RyMfm which has hanged the
fnc world Hcglnning In IKtn with

locomotive of leorgo Stcphwison It

tended with such strides that after
evenly years there arm 4MJOOO miles of-

railways In the world of which IDOWO miles
are In iho Inlted States Their rn is esti-

mated at forty thousand millions of
lars of which ton thousand millions
to the 1nitcd Stntvrt

The rapidity with which railways are
built In the Ililted States nail Canada

strongly with bus been donn
In other countries been written
of the energy of Husin In building 3000-

riilles of Siberian railway in five or six
years In the I States an average
of miles was completed every year
during ten successive years and In 1SS7

there were 1283 mden limo physical
In Slbfrla nro no-

preater hnve beon overcome hero
Tills construction Is due to several

cause the most potent of which has been
tin wed of extending railway over great
dUtanees with little money unite they
were Unlit economically nnd at first In-

n it n solid n manner as those of Kurope
Steeper gradients sharper curves arid
llgliiir rails were lined This rendered
iHvessnry n dtfferiMii kind of rolling stork
suitable to such construction The swivel
ling truck and equalising beam enablcil
our irglws to run safely on tracks whore
th rigid would souri-

luivit been In ditch
Our ears wore mail longer nnd by I

A great economy emno from lh ns of
annealed wheel with hardenedt-
lrixi nil In on piece Instead of being built
up of spokei bubs and tires In
parts These wheels now seldom break

cost much lews than Iuropean whfcU
tbure elryen million cur wheels

In use Vtiitf stHt the resulting
economy Is gren

It was soon seen Mint longer IK would
carry n greatu proportion cnvtng toI

the moro that one ftigin could
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draw In a trnln lens would be the cost
It was not until tho Invention by Ilwsemti-
lu 1864 of a stool of quality and the
made It available for rails that
ears anti locomotive could used
Then came a rapid Increase As noon at-

licsfcmer were made In this country
the cost 1174 per ton to ISO ant
lOW to

Before that Ume A wooden cor weighed
sixteen tone and could carry a payinfl

load of tons Tho thirtyton
engines of those days could not draw on 8
level over thirty earn weighing 15SO torts

Tho pressed steel car of today weighs

no more than tho wooden ear hut carries
a paying load of fifty tons The heaviest
engines Imvn drawn on a level fifty Meel

curs weighing 37W tons In the ono coif
the paying load of nn engine won 750 tons
now It la 2500 tons

Kteep Trade soon developed a better
brake system and these heavier trains havn
led to the Invention of tho automatic brake
worked from the engine and alto nuto

couplers Raving tune and ninny
of our railways has

been greatly Increased by theuse of electric
Mock signals

Tho perfecting of both the rnilwny and
Its rolling stock has led to remarkable
results

UP have no accurate statistics of
early operation of American railways
In 1SH7 1oors Manual estimated their total
freight tonnage at 75000uftO and limo total
freight receipts nl JiPOwmMio Tills was
an ixverngo rate per ton of 33

In 13UO Poor glvi the total freight ton
nnngc at 0757 041 tons and freight
receipts nt i2Jt3fl314 or nn average rain
per ton of cents Had the rates of ISH7

prevailed tho additional yearly cost to
the public would have been Sl75ononiin
or sulllclenl to replace the whole railway
system In two anti n half years

flit nn illustration only but n very
striking one K very body knows that such
high rates of freight ns those or s 7 would
have checked traffic This much can
surely be said tho reduction In cost of

operating our railways and time conse-

quent fall In freight rates hay boon potent
factors in enabling tho United States to
scud abroad lat year HISOoonooii worth
of exports and to flood the world with our

anti manufactured products

In early davi the bull ling of n bridge
was a matter of great ceremony and it

was ronswrnied to protect it from evil
spirits Its construction controlled
by priests us the title of tho Pope of Home

Muxlmus Indicate
Railways changed all this Instead of

Iho picturesque stone bridge vhoso long

tint of low arches hnrmonlrcd with the
landscape there camo the straight girder
sr high truss ugly Indeed but quickly

and costing much toss

construction baa male greater
nrogresH In the United States than abroad
lime heavy trains that we have described
ailed for stronger bridges Time lArgo

American rolling stock 1 not used In Eng

anti and but little on the Continent of
Purope as the width of tunnels anti other
hstaclea will not idlow of It It Is saul

lint there is an average of one bridge for
very three mUrK of railway In the United
itntes making 03000 brldgen mOt of
which have been replaced by new anti

itronger ones during the lost twenty years
Tills demand has brought into

many bridgebuilding companies somo of

whom make the whole bridge from the oro
o the finished product

IJefore tho advent of railways highway
iridgcw in America were mndo of wood
md called trussert Few of thorn existed
jeforo railways Tho largo rivers and
mtnnrles were crossed In horse boats n
rip more dangerous than an Atlantic roy
ige now is A few smaller rivers hail

vooden truss bridges Although orig

naRy Invented by Leonardo da
ilxteenth century they wore reinvented
jy American carpenters Pome of Iturrs-
jrldges are stIlt standing after more titan
me hundred yearn use This shows what

can do when not overstrained anti
protected from weather and fIre

The coining of railways required a
itronger type of bridge to concert

rnud loads anti th with
Lcrtlcnl Iron rod was Invented capable
f 150foot spans
About ISM iron bridges began to take

iho place of wooden bridges Pieforgedy-

olmrc and pin connections of
onger pnnli nnd longer spans The

lrt loiigsi n liridg was a singletrack-

ailway bridg of 4i foi t wpnn over time

Ohio at Cincinnati which was considered

lo be n great achievement in 170
The Kinzua viaduct 110 fcrt higli nnd

lylE half a mi tong belongs to this trim

It is th typo of thn numerous bight viaducts-

tiowfo common
About tssi new material wa given to

nginoets having greater strength and-

Icnnctly than Iron nnd commercially avail
ibl from Its This ih basic steel
Afur ninny tIm proper pro
liortluns of cnrbon phosphorus sulphur
nnd inmignneSH were iwcertnined arid unl-

Fonnlty rwultcil The openhearth pro

Iws is now generally uod This now

Ihemlinl meal for nucli it is is 0 pr
rent stronger than Iron and can bo lied In

ix knot when cold
lime offer of improved devices anti tho

use of stwl is shown by the weights of thn-

loofoot Ohio Itlvir Iron bridge built In 1S70

a bridge nt sumo plato In iSif-

lTho bridp of IS70 wits of iron panels
Iwelve feet long and Its height wa forty
ire feet and span HX feet

Tho bridge of ISM was of steel hail panels
thirty fe t longs nnd Its height was eighty

Us stain was SV fret The weights
iif tho two were nearly alike

The cantilever design which Is a revival
f n very ancient type came Into use The

kreat Forth Uridge In Scotland 1000 foot
pan Ii of this style us ni tho 600foot-

ipans nt Poughkcepsie and now n new Otto
is being diwigned to cross tho Kt Lawrence

tear Quebec of span
This is probably near the economic limit

if cantilever con hit thn smpen
don bridge can be extended much
is it curries no dead weight of
members

Tlie Niagara Susp ivlon Ilrldgo of till
pnn built by Koehllng in IV oral tho

Urooklyn llrdge of lfift fet built by
lloebllng and his HOII twenty years after
inarliod n wonderful In bridge
ilifign

Thirty years latrr vhrn a new bridge of
IOKI feet was warit l to cro another part
iif lie Kivcr nt New the saute
lines of construction were followed nnd
they will bo followed in tlie s7 foot SINI-
IIdeigned to his North Ulver HIIIHH

time in the centurv Tho only-

rallrnl ndvnnrp H nt n belter steel

hart coul l be hnltn cnrllrr rt v-

HteslarclUHl bnAgw are now enttf
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Icnlly designed Such the new NUgan-
Drldge of 840foot span tho Alexandc-
U Uridge at Paris-

It U curious to see how little in Bald abou
these beautiful bridge which tho publli
takes as a of course If they line
been built years ago their engineer
would have received tho Katun pruiso a
llobert Stephenson or Ho blln nnd Justlj-

eo an they would have been men of excep
genius When these bridges wen

In 1809 the patJi hail been mado PC

clear by mathematical Investigation and
the command of a better steel that the tnafc

seemed easy
That which marks more clearly than

anything else the great advance In American
bridge building lurIng tho lat forty years
Is tho reconstruction of the famous Victoria
Bridge over time St Lawrence above Mon
treal This bridge was designed by Robert
Stephoiwon anti the stone plow are a monu-

ment to his engineering skill For forty
winters they have resisted tho great fields
of Ice by n rapid current Their

wpm so liberal that tim now
bridge wits put upon them although four
times as wide iw tho old one

The superstructure was originally mall
of plateIron tubes reinforced by tees until

angles similar to Stephtnson Mental

Straits Uridge Them twentytwo-
spans of 210 feet each n ono of
830 feet Perhaps those tubes were time

that could be hail nt the time hut they lint
outlived their usefulness Their Interiors
bad become greatly corroded the con-

fined gofion front tho engint arid the drip-

pings tie chemicals used In cold stor-
age ears Their height was Insufilcient for
modern largo earn nnd the confined stnokn
matte them so dark that time number of
trains wo greatly limited

It wns decided to build a new bridge of
openwork construction nnd of open
hearth steel This WHH done and the com-

parison Is M follows bridge sixteen
feet wide flnslo lout of ono
ton por foot new bridge Rlxtyseven
wide two railway trucks anti two carriage
wayp lIve load five Ions per foot

The old Iron w gh d tnooo tons
cost 17ISKK and took two seasons to
erect Tho new trims bridge weighs VV-

Ow tons has co i between ti uiwiianil t

400000 and the time of construction was uric
year

Puring his experience the writer
tlie rolling inrienso from

uoo to 4tK0 pounds per linen I foot of track
with an extra allowance for concentrated
loads

Tln modern high nfllii buil log is nn
Interesting examplo of I lie evolution of-

n highviaduct pier Such n pier of
required dimension MrciiKthemd by morn
columns strong enough to entry
timers Is the skeleton frame
niihs with brick stone or teiracnttn ndd-

window and doors and elevators anti it
Is complete

Fortunately for the stability of times high
buildings the enYet of wind pressures
tail been studied in this country in HI-
Dillsigns of the Iiiii7ua PCCOJ nnd other
high viaducts

All this hall been thoroughly worked
out anti known to our engineers before tho
all of the ridge In Scotland Hint
illsaMrous event led to very careful experi-

ments on wind pvtwjurrs by Sir Ileniamln-
Itaker time very eminent engineer of thn
Forth Ilrldgo Ills oxpotiiiiriils showed
hint a wind gaugti of 300 square feet oman

ihowed a maximum pressure of thirtyflvo-
poumls per Hipiaro while H small ono

if one and onehalf feet arm ngU
trod gusts of fortyon pounds per foot

The modern elevated railway of cities
s simply a very lopg railway viaduct
joint tuba mny bo gained of life of a
modern rlveteliron structure from tho
xperltnee of the Manhattan Klovatcd

Hallway of Now York Them roads wero-

ljuiit In tss79 to carry uniform loads of
lfliX pounds per lineal foot except Second
avenue was made to 2 x

The stresses Were below lOuuo pouiih
per square inch

lucite viaducts have carried In twenty
two years over 25000MO trains weighing
nver 3ooooooHX arts at a maximum speed
r f twentyflvo nn hour and are still
in good order

Iridgo engineers of tho present day are
fno from the whicli confronted
the designers of iron bridge Tb
mathematics of bridge design was umler
stood in hut tho proportioning of de-

tails haul to be worked out Individually

lvcry new span wIts a new problem Now
the engineer tells his draughtsman to design

ti span of a given length and width
and to curry such n load Hy the light of

experience ho mimi this nt euro
havi become standardised

o that duplication of parti bo
carried to extent

Machlno used to every
pnrt of a bridge anil power to
fasten them together ireat accuracy
can now bt had and thn sl7 of ptirw have
Increased in a remarkable degrco-

Vo have now kront brijgn nompanlpx
which are HO completely imippi i witii
appliances for boil shop drawings toil con-

struction that the old joke hcc mns aliuust

rile that they CAn maJto bridges nnJ sell
them by limit mile

All linprovnmtnts of are now
public property All that the bridco com-

panies do U done in tht Hum light of com-

petition Mitakes mean ruin and th
IlltosV only survlvns-

Having such powerful aids thi American
hrldgo engineer of toduy has advantage
over predecessors anti over his Cu-

ropean brethren where HID American-
kytom hn not yti been adopted

Thn American system gives the
posslblt rapidity of enwtlon of tbo bridgit
on Its piers A stun of rtH fwt weighting
tooo tunIs wits erected on the MU-

I In six days parts worn nut
iissembled until they were put upon this
TaLsoworks European engineers have sonic
ttniM ordered a bridge to bo
logether complete in the makers yard and
then taken apart

Tho adoption of American work In such
bridges as the Atbara In South Africa tho
iokteik viaduct in llurmab 320 feet high

md others VIL ilue to low cost quick de-

livery and erect ii ii as wnll M of
material and construction

KOfMlMION tr-

Drldges must have foundation fur their
dir lp to tho iniddln of
Century engliieeis know no better way

if making them titan by laying bar
moat of tho river by H coilVt

lain or by drlvlni piles Into the mind
Itiiius Ciiar thai About thu mid11 of the
ivntury a lronch engineer conceived the
llrst plan of n pneumatic foundation which
led to tlie preterit v ii iu nf ooiiiiyin-
air 1v tUiniing it in un mere bix-
catiil a rai nn w I on n to
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ami the caisson sunk by Its own weigh
td tho proper depth It was filled with con-

crete The limit of depth Is that In wide
men can work in compressed
injury and this U not much over one hun-

dred foot
Tho foundations of time Brooklyn and St

Louis bridges Wore put down In this way

In the construction of PoughkeopMc
Bridge over theHutlsouInJjtS7S8ltbecame
necessary to go down feet below tide
lovel before hard bottom wa reached
Another process was Invented to tnko tho
place of compressed aIr Timber caissons
were built having double sldei nnd tho
spacen between them fllloJ with stotw to
give weight Their tops wero left open

anti tho American singlebucket dreeigo

was used ThU bucket lowered antI

lifted by a very long wire ropo workod by

the engine and with It tim soft material
ww removed Hy moving this bucket
to different parts of tho caisson Its sink-

ing Wits perfectly controlled anti tho caU
mann finally placed In its exact position and

perfectly vertical Thin internal spaco-

WHS then filled with concreto laid under-

water by the santo bucket anti levelled by
ulcers when necessary

While this work was going on the Govern-

ment of New South Wales In Australia
called for both designs and tenders for a-

bridge over an estuary of the sea called

The onndltiona were thai

sumo as nt Poughkeepste except that tho
soft mud reached to a depth of 100 feet
below tide level

Tho designs of tho engineers of thw-

Poughkeepslo Dridgo wern accepted anti
time Smite method of sinking
in this ca made of Iron carried out

with pcrf ct success
Tho eroctinii of this bulge Involved

cr problem Tho mud was
ton soft and deep for piles nnd staging
and tho this would

A staging wns built on a large pontoon
nt bore nnd tho span erected upon it

The whole wit then towed out to tho bridge
at high tldo As tide foil the pon-

toon was lowered and thin steel girder wits
placed gently on its piers limo wlndo
operation was completed within six hours
Tho other five spans were placed In time

wime manner
Tho vnmn system was followed after-

ward by tim emjlnor of tim Canadian
Hallway In pliclntr tho ppnnsof n

bridge over tho St Imvrenco In n very
rapid ciirront It is now tug 1 in replacing

spans by new ones as It inUjrruiits-
triitlli for tlm po tinio

1110 solution of HID problems presented
at gave tho vixoml Introduc-
tion of to hrldgo bulldI-

HK outsldo of Anuilea Time flint was In-

tsii when an American carpenter or ship-

wright built n liridgu over Charlo Itlvcr-

lt lliciton I47D focI long liy 4i1 feet with
Ihls brid i was of wool supported on

Ill work trained for him such re
town that ho wiis called to Ireland tuid built
i similar bridge at Ilelfait-

Tunnelling by compressod nil Is a horl
nial application of compnvsed air foun

Tho earth Is supported by an
ron tube which is added to in rings whicli

ptNlied foi ward by hydraulic Jacks
A tunnel Is now being made under nn

arm of time sea between Iloston nnd Kns-

tloiton somo 1401 feet long anal fl3 feot-

jelow tldo Tho Interior lining of Iron
ublng Is not used The tunnel Is built of
oncrete reenforced by rods This

will ilTVct a cunsilernblo economy Suc-

oss In modern engineerun a
hing In most economical way consistent
with safety

Tim St Chlr tunnel which carries
Trunk Hallway of Canada under

hn of lnko Huron Is n succesiful-
xnmpli of such work lied the North

Itivtr tunnel ut New York been deilgned-
in equally Hciontillo prineiplw it would
irobably been lltii hed which now
ecms

The construction of rapid transit mil
vays In cities U another brunch of
ng clvcrlng mechanical anti
li trlcal engineering Some of tluwo

elevated and nro murnly
railway viiiducts but favorite typo

w is of subways Thcro mire two
finds those near the surface like time di

riot railways of London tbo subways In
wi Herlin mid Iloston anti that now

Building In Now York Tim South London
md Central London mid other London
irojrcts are tubes stink fifty to eighty
Vet blow tin surface and ilo-

rntors for nccess nro mad on n
dan dovUod by mid con it
f castiron tubes pushed forward by hy

lain nnd having tho spate
if i ho tubo with liquid cement pumped
mo placo

construction of tho Huston
win dlfllcult on account of tho small width
if the streets their great tralllc and time

iwrsslty of imderpiiming foundations
jf All of t its was siiciiitsfully
lena without liturbng tlm for n
liuglu day and reflect great credit on tho
engineer Owing to thin great width of
Sow York Htrec ts till problem Is tlmpler-
ri that ropoct but reiuliM skill In deign
md orgunlrniiun to complete thu work
ji n short limo Although many timus as
lung as tlie Huston subway it will built lu
nearly tho tamo limn design where-

in earth limy bo compartxl totluit of n
lYico building twenty long laid flat

in ona of its Tho rudiiplication of
jiuiu save tlmo and luther nnU is key
to the anticipated rapid progross Near
he surfa e thus subwuy la III open excava-

tion and tunnelling la to rock
Tlm conitruction of power houses for

Ipvelnptnu energy from coal and from
railing water require much btriictural-
lusl ili and meohanlcnl engl
iioerlng ability Tlio Niagara power house
1 Intended todovelop iwooo horsepower
hat nt limo Smilt Ste Merle as much that
in time St Lawrenco at Lnchlne 70000

torso puwnr These nro hugo work
tunnels rockcut chambers nnd-

nasunry and cuiicrelo in walls anti darns
1licy cover largo extents of territory

limo contrail in RIO of time cualuslngi-
nwor hdUaes TIll new

iiovver homo now building by till Van
KlevniiMl iu New York

li vi lops III the of INK by 4cO

feet uortit hoi u power or us much p wer
that utilled nt Mngani Fall

Dm of mot uswful matirlnls which
notern engineers now mak lisa of Is con

which can be put Intii iMiilrned pnci-

md laid uiulcr water It coits U M than
ini onry while as strung This thi ri-

itval of iu ui of material used by tin
Itoinuns Tho writer was allowed to

if 11 ilnnio f tin Piuittimn-

if t ntfin ring

nt Hoinn e
f c mrr to
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years later Tho dome of Columbia Col-

lege Library in New York Is of concrete
Concreto is a mixture of broken ston

or gravel sand amid Portland cement

It virtue depends upon tho uniform
quality of the cement Time uss of thi
rotary kiln which cxposfw nil of tho con

taincd material to a uniform and constant
intense heat has revolutionized time mnnu

facturo of Portland cement The engliue
olin now depend upon its uniformity o

strength
Wheels axles bridges and rails have

been strengthened to carry their increase
loads but strange to say time spllcei
which hold In placo tho ends of tho rails

nnd which are really ihortspnn bridges
are now lie weakest part of a railway
Time anglebar spllco has hut onothlr
of tho strength of tho rail ami trengtl
cannot bo increased owing to its want o

depth Joints no down under every pns
log wheel until the ends of time rails weai
out lung before time rest

This Is not nn Insignificant detail P

has liowi estimated by tho officers of ono oi

that trunk lines that a splice of proper do
sign and strength would save yearly enough
In track labor most of which Is expemlci
in tnmplng up low Joints to buy till th
new rails anti fastenings required In some-

time It would bnvo much moro titan that
In limo wear of rolling stock A perfect
Joint would be an economic device next
In value to thn Hossemer steel rail Hero
Is n place for scientific and practical skill

Hydraulic engineering U otto of the oldost
branches of engineering nnd was devel-

oped before time last contury The Irriga-

tion works of Asia Afrlcn Spain Italy the
Honian aqueducts u ml tIll canals of Kurope

nIl examples Hydraulic works cnnnot l

In Ignorann of time laws which
govern tli flow of wnter ruin action of
water Is relentless as ruined canals ob-

truded rivers witch washedout dams do
testify

lime additions of nineteenth
century to hydraulic engineering are tlm
collection f linger statistics of tin flow of

water in pipes nnd channels of rainfall
runoff niul available supply It is now
known that lime germs of disease ian bo

now an established fad that pure drink-

ing water and proper dralmige aro mini
preventives of typhoid nnd similar fovcrs-

ery foul water cult be tamale polablo-

Kxpcrinienls show that the water of thn-

SchiiylkHI Itlvor at Philadelphia wluh
contains 4i iooii germs in tho space of less
than a cubic inch was so much purified
by filtering that only no remained Till
Is a discovery of kimitary science but the
application of It Is through rtructural
engineering which diwigns and executes
thy nter beds with grcnt economy

Thu removal of sewage after having
been done by ltruscans before the
foundation of Home became n lust art
during the dirty Dark Ages when filth and
pirty weio deemed to bo connected some
mysterious way It was reserved for
good Julia Wesley to point out that Clean
mess Is next Now sewage
works ate as common as Iliac for water
supply Some of them have been of great
sio and rout Such are tIme drnin-
n o works of London Paris Berlin

Chicago nnd Now Orleans A-

very difficult work wns the drainago of
tho City of Mexico which Is In n valley
surrounded by mountain and elevated
rudy four to tin feet nbovt a lake having
no outlet Attempts to drain the lake
have JPCII outdo in vain for six hundred
years It hunts lately been accomplished
liy a tunnel six long through
mountains and n canal of over thirty miles

whole work costing somo oooouoo
The drainage of Chlcavn by locks nnd-

rnnal lute the Illinois River hits cost somo-

HWonoixjo Is well worth Its rot
Scientific research hulLs been nppllivl to

Ihe designing of high masonry and concrete
tunas nnd we know now that no well
hwigncd hint on n got d foundation should

Tail Tho dams now building across the
by order of tho IlrltMi Government

rtill create the largest artificial lakes In

ho world water thus stored will
lio of inestimable value In Irrigating the
rrops of lower Fgypt Their cost nl
though great will not excwd the fums
tent by lavish Khedive on USCISD

now frilling to decay
Till Sue Cnnal Is ono of tho largest

lydraulic works of tIt last century nnd-

is a Instance of tho displacement
if labor by the use of machinery

began liy Impressing n largo part
if peasant population of Egypt Just
is Hamests had done over 3ooO yearsbo-
oro Thtso unfortunate peoplo went set-

a dig th1 sand with rude hoes and carry tl-

iway In baskets on them heads They
lied by thousands for want of water anti
iroper food At last till French engineers
lentundod the to let them Intro

sttnni dredging machinery A light
railway wns laid to supply
md n small ditch dug to liming pure water

number of men employed fell to one
Machinery did tho rest Hut

ilk the canal would hover have been fln-

hcd
Till Panama Canal now u os tho best

machinery nnd the Nicaragua
filial If built will apply better moth
ns developed on time Chicago Drainage
anal where material was handled nt a less

jost than lies ever been done before
Itussia H better supplied Internal

waterways than nny other country lien
IvaN rise near each other and havo long

ceii connected by caimLs It Is stated
lint sun has over 60000 miles of Internal

lavigntion and is now preparing them con
itructlon of cuimU to connect the Ciu-

iian with the Ualliotien
ErIn Cnnal was tine of very small

vwt hut Its Influence has boon surpassed
iy noun Hie winning of the West treat
MX toned many yenrs by that construction
it this work in tho first quarter of the ccn-

ury Two horses were Just able to draw-
ton of goods nt tho speed of two miles
hour over thu wretched roads of tlio o

lays When the canal wits mndo theso-
wo hoium could draw n bout carrying
ftu t as four mllns nn hour Mud or in

ther wonts friction Is tho greut enemy
f nnd canals wnro the first

tinge to diminish it and after that rail
vays-

Tho Krio Canal was by engineers
il had to mako its oMi ngine is tlrst-

i thorn was noun avniliibln in this coun
rv nt that tiimv The o selftatight men

of them land surveyors anil others
awyorH showed the uquaLs of
helnglisimiiilrltidleyandt3me
hey located II water through tho-

ilderriess having a uniform descent
rom likx Fntt ti Hinlsnn which
v iid liave lioii RII built If there hail hutton

iitigh tiiinev-
Tltt i i H now whether tn rnlargit-
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larglng Ha prism and locks or to Incroos
speed and move moro boats in a season b
electrical appliances rime lost methoi
seems more Inline with those of the present

There should be a waterway from
Hudson to Lake Erie large enough for yes
scls able to navigate tho Lakes nnd tim

ocean A draught of twentyone feet can
be had at a cost estimated nt 200000000

TIme deepening of the Chicago Dralnagi-
Cnnnl to the Mississippi River and tin
deepening of tho Mississippi Itoelf to th
Gulf of Mexico U a logical sequence o

the first project The Nicaragua Cnna
would then form ono part of n great lim
of navigation by which the products of tin
interior of time continent could reach cltbe
tho Atlantic or Pacific Ocean

Tho cost would bo small compared wit
time resultIng benefits nnd some lay thi
navigation will bo built by the Govern-

ment of the United States
The deepening of thin Southwest Paw o

tho Mississippi RIver from six to thirty fee
by Jamw U Ends was a great eriRineerinf
achievement It Wiis time first npplicntlor
of time Jetty system on a large scale ThL

merely conllnlnff the flow of the river
arid thus Increasing Its velocity so that I

secures n deeper channel for itself
Tbo Improvement of harbors follow

closely time Increitsed size of ocean nnn

lake vessels The approach to Now Yorli

harbor Is now being deepened to forty feet
n thing Impossible to be laurie without th
largest application of steam machinery
in a suction dredge boat

Tlm great of urban population
due to steam and electric railways hUH made
works of water supply anti drdniigo neces-

sary everywhere Homo of these are on n

very grand scale Illustration of ibis I-

stho Croton Aqueduct of New York as It now
Is and MS It will be hereafter

Till work was thought by Its designer
to be on II scale largo enough to last for
nil time It Is now less than sixty
old and tho population of New York will

soon be too largo lo bo supplied by It

It Is ablo to supply 2nnnu xu to noo-

OooiHiO gallons daily and its cost when
tin1 Cornell dam and Jeromo Park

finished will b a little over JlCnofono
It Is now suggested tostore water In Mm

Adirondack Mountains 203 miloH away
by dams built at the outlet of ten or twelve
lakes This will cquaJio time flow of the
Hudson River so as to give flOfjOOOOooo tn-

OHMXIOIXJO gallons daily It Is hen pro-

posed to pump 1000000000 gallons d ily

from tint Hudson Hiver nt Poughkei isii

sixty away to a height sufficient Ui

time city by gravity through ai
aqueduct This water would be filtered at-

Poiighkeepslo nail wo now kn rr that all
Impuritim can be removed

If this pchcmn Is carried out tho tote
supply will bo about iSHiodoooo gallons
dully or enough for n population cf front
i2ouo0K to iiuworio persons Hy putting
III moro pumps fIlter beds nnd conduits
thin supply can bn Increased 4u per cent
or to 1800000000 gallons dully This
water would fill ever day n lake one mile
squaro by ten feet dcii This is a fair ex-

omplo of scale of the engineering works
of nineteenth and twentieth cunturliw-

Hy time application of mod urn laborsav-
ing machinery tint cost of this work cnn
bo so far controlled that tbo cost to thn
city of New York per 1000000 gallons would
be no greater than that of time present Croton
supply

All wfrku of hydraullo engineers depend
Hut what will happen if the water

all mines up India lilac Spain Turkey
and Syria havo euffeied from droughts
caused clearly by the dedtrucilon of their
forest The demand for paper to print
books and newspapers upon and for other
purposes U fust converting our forests
Into pulp Wo cannot even say After us
tho It will seldom rain In those
evJl days When tho rains do come time

spongeliko votfntntlun of the forests being
gone time streams will be torrents at ono
tlmo of tho year dri d up during tho
rest as wo now see III tho arid regions of
limit Went

MECHANICAL nvaivEKnisn
Mechanical engineering is employed In

nil dynnmlcnl engineering It coverts the
designs of prime motors of nil sorts steam
fiv nnd gasoltmo reciprocating engines
also Btenm and water turbines windmills
and wave motors-

It comprises nil mems of transmitting
power as by shuttling ropes pneumatio
pressure and compressed tilt all of which
ueiin likely to bo superseded by electricity

It covers construction of machine
tools mind machinery of all kinds H enters
Into nil time processes of structural hy-

draulic electrical nnd industrial engi-
neering TIll special Improvements are
tho almost universal use of rotary motion
und of tint reduplication of part

Tint steam engine Is a machine of recip-
rocating converted Into rotary motion by
tho crank Tlm progress of mechanical
engineering during the ninetieth century
U measured by tho improvements of time

itenm engine principally In the direction
if saving fuel by tho invention of Internal
combustion or gas engines Urn application
nf electrical nilsion anti latt t till
practical development of steam turbines
by ParsonsWestiiighouse Do Livnl Curtis
nnd others In times u Jet of stenm im-

pinges upon buckets set upon limo circum-
ferenco of n wheel It wits clearly indicated
by time Italian engineer Kronen in 1023

but ho wits too early Tlm limo was tint
lieu und there mere then no machine tools
LIving time perfection wf workmanship ro-

quired
Their advantages are that their motion

Is rotary nnd not reciprocal They can
Iwvelop speed of from 0000 to joowO revol-
ntionn minute whIm the highest ever
attained by a rocriproontlug engine Is not

1000 Their thermodynamlo losses
ire IOB hence they consume lets steam
and fuel

It Is a very Interesting fact that tho baslo
Invention upou which not only steam tur-
bines anti Hectrlo dynamoa but Indeed
ill other parts of mechanical engineering
lepend is of such remote antiquity that we

now nothing of its origin This Is tho
wheel which Gladstone said wits the great
st of mans mechanical Inventions as-

hcre Is nothing In natiiro to suggest it
Duplication of parts has lowered tho

jost of all products Clothing is one of
Tho parts of readymade garments

md show am out into thapc in number nt
i titni by stmrpedgod template and
astciied together by spring machines

Mechanical engineering Is a good ex-

unpleof thoflttitit Millions
f dollars ore expended on inachini ry

suddenly a now discovery or Invert
lent COStS theta all title time scrap heap
o bo replaced hay those of greator earning
lapnelty

Prime motors derive their energy either
rom coal or other combination of urbon

ax petroleum or from grimly This
uuy come Intuit fulJInuwater and the old
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fashioned water wheels of tho eIghteenth
century were uporsoded in the nineteenth
by turbines llrst invented In France nnd
since prettily perfected These are used
In tIme electrical transmission of water power
at Niagara of 6000 horso power and toni
a very important part of time plant

The other gravity motors arc windmills
and wavemotors Windmills are an old
Invention hut have been greatly Improved
In the United Statm by the use of time self
reefing wheel The great plains of the
West are subject to sudden violent gales of
wind mind unless tho wheel was automnlic
ally selfreefing it would often
IJttle has been written about these Wheels
hut use Is very widely extended ami
they perform a most u ifiil function in
Industrial engineering

There have been vast numbers of patenis
tnken out for wnvo motors One wns
Invented in Chill South rummies Tjilpfc
furnished n constant power for tour months
and was utilized In fuwlnr planks Tlm
action of waves is more constant on iho
Pacific toast of America than elsowh r-

nnd some auxiliary power such us a
lena engine which can be quickly started
and stopped must bo provided for use dur-
ing calm days Time prime cost nf HIICI

machine need not exceed that of n stenm
plant rind time cost of operating is much
less than that of any fuelburning englm-
Tlm saving of coal Is n very Important
problem In a wider pease wn may sriy
that lime saving of all time great stores whth
nature hits laid up for us during t

and which have remained almost union lied
until tho nineteenth century Is the grint
problem of today

Petroleum anti natural guts may dldp
pear Tho ores of gold silver and plat-

inum wilt not last forever Trees will
grow and Iron ores seem to be practically
Inexhaustible Chemistry hns added n
new metal In aluminum which roplnr
copper for mnny purposes One of ih-
ngMte t problems of contort
U to dlacover sonic chemical process for
Heating Iron by which oxidation will nnt
take place

Coal next to grain Is the most Important
of natures gifts It cnn bo exhausted or I hi
cost of mining it become so great that it
cannot bo obtained in countries
it is roost neided water wind anal wavi-
pnwer may take its to n limited P

tent and greater u e niny be mnde of thn
waste conning from blast or Knielier

furnaces but nn nearly nil energy comes
from coal its use must be rconomied

the greatest economy will come fii m
pulverizing coal tumid using it in time shapt
of n fine powder Inventions have ben
made trying to deliver this powder Into tlm

lIre box as fast as tamale for It is ns ex-

plosive ns gunpowder anti ns dangerous
to store or handle If this can be done
there will be a saving of coal due to perfect
anti Rinokelet combustion as the admis-
sion of air can entirely regulated the
samo blast which throws In the powder
furnishing oxygen Sonic Investigators
havo estimated that tho saving of coal will

be ns great as 10 per cent This means
looooowx tons of coal annually

Hlluminous coal will then bo as smoke-

less as anthracite and can be burned In

locomotives Cities will be free front the
iiuLsanco of wasted coal which we call swt
This Pros will bo time kind of me
chanlral stoking anal will prevent the
necessity of opening time ulcers of fire
boxes The boiler rooms of steamships
will no longer be flouting hells the
firing of locomotives wilt become ensy

Another problem of mechanical engin-

eering is to determine whether it will ha

found moro economical lo transform the
energy of coal at the tallies Into electrio
current and send It by wire to cubit and
other plates where It Is wanted or to carry
time coal by rail mind water as wrs now do
to such places and convert It there by tlm
steam or gas engine

In favor of the first method It can be saul
that hills of refuse coal now representing
lockedup capital cnn bo burned nnd thn
cost of transportation handling l

saved Electric energy cnn now trnnspoit
power In high voltage economically be-

tween conl mines and most largo cities
The second method has the advantage

of not depending on one alnglo source of
supply that mny break down but In having
tho energy stored In coal pockets nearby
tho place of use where It can bo applied to
separnte units of power with no fear cf
failure

It seems probable that a combination
nf the two systems will produce the lest
results Whom power can bo sent
Lrlcnlly from the mines for lo s cost than
the coal can be transported that rnothoj-

nlll bo need
To prevent stoppage of works the

rato motors and a store of coal to be used
In cases of emergency will still be needed
just us hiu boon described as ncoeMarjr-

lo time commercial success of wave motoi-

KIKOTIUCAI EXOINErHtNO

Any attempt by time writer of this attIc
to trace time progress of electricity would
lie but a vain repetition after tho ndmlralU
manner in which tho subject has been
treated in a former paper of this series by-

Prof Ellhu Thomson
Wo can only once nero emphs le tin

fact that It Is by tho union of
lasseis of minds scientific dlscoverii

Inventors engineers and cnpltnllsts that
thl vast new Industry hns horn created
which gives direct employment to tlmu
antis and as Hacon paid VO years nwo

endowed the human rare with ntv-

MKTAUATiaT AND MINtNO-

AH time processes of metallurgy and mln
ng employ statical hydraulic mechanical

electrical engineering Coal without
railways and canals would he of little use
inlets eleotrliftl engineering came to ini-

SHistnncn
H wits estimated by this l to lord Arm

itrong that of the SOoooOon to Bnooimono-

ons of coal annually produced In tIme world
inothlrd Is ue l for steam production
mothird In metallurgical processes anti
mwthlrd for domextlo consumption Thu-

nst Item seems largo It Is the moit im-

lortnnt manufacturing Industry In in
rend and may be seen by cvnipnrlng
ovllets condition of the elchtetntli cen

lily with the coalntlng condition of
ilneteeiitb century

Next In Importance comes the production
f Iron and steel Steel on account of in

out and brittleness was only UMI-

or tools and special purposes puit-

he middle of tho last This Inn
ten nil changed by time Invention of IH-

iteel by Uosuemer In and openhearthi-
tcel In the furnace of Klemen perfw-
ome twenty years slnc by ilchrU t
rhonins

The Tnlteil fltatrs loire Ink he I

a steel manufacture In i 7i iirnt l

nadothre union as tt vi an I
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